Aims To describe the baseline characteristics of participants in the Kerala Diabetes Prevention Program.
Introduction
Globally, 415 million adults are estimated by the International Diabetes Federation to have Type 2 diabetes mellitus and this figure is projected to rise to 642 million by 2040 [1] . Approximately 75% of adults with Type 2 diabetes live in low-and middle-income countries, with an estimated 69.2 million people have Type 2 diabetes in India [1] . Type 2 diabetes confers an economic burden on the affected individuals and their families in India [2] , therefore, there is an urgent need for the development and widespread implementation of cost-effective approaches for the prevention of Type 2 diabetes in the country.
Randomized controlled trials have consistently shown that lifestyle interventions are effective in preventing or delaying the onset of Type 2 diabetes among high-risk groups [3] . To date, the majority of diabetes prevention trials have primarily targeted those with impaired glucose tolerance or impaired fasting glucose, identified based on an oral glucose tolerance test (OGTT) [3] ; however, in resource-constrained settings like India, it is important to explore simple and low-cost methods, such as non-invasive diabetes risk scores, to identify high-risk individuals who may benefit from lifestyle intervention. Similarly, it is important to explore low-cost methods of delivering a lifestyle intervention. Most previous trials of lifestyle intervention have involved individual counselling from health professionals in primary care settings [3] . In India, where there are a substantial number of people at high risk of developing Type 2 diabetes [1] , one-to-one counselling is not feasible. Further, more than two-thirds of India's population still resides in rural areas [4] , where there is a severe shortage of qualified health professionals; therefore, approaches to Type 2 diabetes prevention in this setting should be less dependent on healthcare providers and services. Peer support interventions have been shown to be effective in disease prevention and management in various countries [5] . Indeed, members of our research group showed that community-based approaches with a strong emphasis on peer support could improve health behaviours and metabolic risk factors in Finland and Australia [6, 7] . A comprehensive needs assessment conducted by our research group in the Indian state of Kerala has shown peer support delivered in community groups to be a feasible intervention for Type 2 diabetes prevention [8] .
Kerala state in India is in the late stage of epidemiological transition and is likely to be an example of what will happen to the rest of India with regard to the increasing burden of non-communicable diseases over the coming years [9] ; therefore, Kerala provides an appropriate setting in which to implement and evaluate a community-based diabetes prevention programme in India. The Kerala Diabetes Prevention Program (K-DPP) is a cluster randomized controlled trial, designed to evaluate the effectiveness of a culturally adapted, group-based and peer-led lifestyle intervention programme for the prevention of Type 2 diabetes in Asian Indians [10] . The present paper describes the baseline demographic, lifestyle, clinical and biochemical characteristics of participants in the K-DPP.
Methods

Study design
The K-DPP study design has been described in detail elsewhere [10] . Briefly, the trial was undertaken in 60 'polling booths' (electoral divisions with~900-1500 people aged ≥ 18 years per polling booth) of the Neyyattinkara taluk (sub-district) in the district of Thiruvananthapuram, Kerala. Neyyattinkara is located only~20 km from the city of Thiruvananthapuram, with a total population of 880 986, according to the 2011 census [4] . The geographical terrain of Neyyattinkara encompasses the three natural divisions of Kerala, the highlands, midlands and coastal areas. The trial statistician used a computer-generated randomization sequence, with constant block size and stratification by polling booth size, to randomly assign the polling booths (1:1) to the intervention arm (received lifestyle intervention programme for 12 months) or the control arm (received a health education booklet on lifestyle modification). The study protocol was approved by the ethics committees of the Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram, India and Monash University and the University of Melbourne in Australia. All study participants provided written informed consent.
Screening and recruitment
Individuals aged 30-60 years were selected randomly from the electoral roll of polling booths and contacted in their homes by trained staff ('home screening'). Eligibility criteria were: literacy in the local language (Malayalam); no history of diabetes, heart disease, stroke, cancer, epilepsy, arthritis or dementia; not pregnant; and not currently taking medications known to influence glucose tolerance. Individuals satisfying the eligibility criteria were screened using the Indian Diabetes Risk Score (IDRS) [11] . The IDRS is a noninvasive diabetes risk score, comprising questions about age, physical activity and family history of diabetes, and waist circumference. The total score ranges between 0 and 100. Individuals with IDRS score ≥ 60 were identified as being at high risk of Type 2 diabetes and invited to clinics conducted in the community using locally based buildings ('mobile clinic'). Among those who attended mobile clinics, a 2-h 75-g OGTT was performed and those with undiagnosed Type 2 diabetes [fasting plasma glucose (FPG) ≥ 7.0 mmol/l and/or 2-h plasma glucose (2-h PG) ≥ 11.1 mmol/l] were excluded, while those with prediabetes (impaired fasting glucose: FPG 5.6 and 6.9 mmol/l and 2-h PG < 7.8 mmol/l or impaired glucose tolerance: FPG < 7.0 mmol/l and 2-h PG 7.8 and
What's new?
• Large-scale use of an oral glucose tolerance test (OGTT) as a prerequisite for entering a diabetes prevention programme is a major financial and practical barrier.
• The Kerala Diabetes Prevention Program is the first diabetes prevention trial from a low-and middleincome country to use a simple and low-cost diabetes risk score as a screening tool to identify high-risk individuals.
• Of 1209 screen positives, 202 (16.7%) had undiagnosed Type 2 diabetes mellitus on OGTT.
• The trial will evaluate the effectiveness of lifestyle intervention in a population selected on the basis of a risk score, a large proportion of whom had prediabetes and there were high rates of cardiometabolic risk factors.
11.0 mmol/l) and normal glucose tolerance (FPG < 5.6 mmol/l and 2-h PG < 7.8 mmol/l), based on the American Diabetes Association criteria [12] , were enrolled in the trial. Participants were blinded to their study arm allocation until they had completed their baseline assessment.
Measurements
Because the measurements have been previously described in detail [10] , they are briefly summarized here. Data on demographic characteristics, lifestyle habits and medical history were collected using standardized questionnaires. Anthropometric measurements such as height, weight, body fat percent, waist circumference and hip circumference, and blood pressure (mean of the second and third readings was used in the analysis) were obtained using standardized tools and protocols. In addition to the OGTT, other biochemical measurements included HbA 1c and lipids. The assays used for analysis of biochemical samples and the quality control measures are given in Appendix S1. Data collection staff and laboratory technicians were masked to the participants' study arm allocation. 
Results
Screening and recruitment were carried out from January to October 2013. Figure 1 shows the K-DPP screening and enrolment flowchart. A total of 3552 individuals, aged 30-60 years, were contacted during home visits and of these, 3421 (96.3%) consented to participate. After excluding those not satisfying the eligibility criteria (n = 835), 2586 individuals were screened using the IDRS. Of these, 1529 (59.1%) had a score ≥ 60 and were invited to mobile clinics to undergo an OGTT. Among those who underwent the OGTT (n = 1209, 79.1%), 202 (16.7%) had undiagnosed Type 2 diabetes and were excluded from the study. Of the remaining 1007 individuals, 695 (69.0%) had prediabetes [579 (57.5%) had impaired fasting glucose and 116 (11.5%) had impaired glucose tolerance] and 312 (31.0%) had normal glucose tolerance. These 1007 individuals were enrolled in the trial. The control arm had 507 participants and the intervention arm had 500 participants. The mean IDRS among the study participants was 67.1 AE 8.4 (range 60-100), and the mean FPG and 2-h PG levels were 5.8 AE 0.5 mmol/l and 5.9 AE 1.6 mmol/l, respectively. Table 1 shows the demographic characteristics of the study participants. The mean age was 46.0 AE 7.5 years, and 47.2% were women. The majority were educated up to secondary school (75.6%), were involved in skilled or unskilled labour (72.3%), were married (95.1%) and were Hindus (59.2%). The median (range) monthly household expenditure was 7000 (5000-10000) Indian Rupees (~US $105) and the mean household size was 4.3 AE 1.4 people. Table 2 shows the lifestyle, clinical and biochemical characteristics of participants. Among men, 26.9% reported current smoking, 15.0% reported current smokeless tobacco use, 34.4% reported current tobacco use and 39.3% reported current alcohol use. The corresponding figures for women were 0, 2.3, 2.3 and 0.4%, respectively. A large proportion reported no leisure time exercise (98.0%) and only less than a quarter (21.3%) consumed fruit and vegetables daily. Nearly half (47.9%) had a family history of diabetes (one or both parents), and slightly more than twothirds were overweight or obese (68.5%) and centrally obese (69.4%). More than half (54.7%) had prehypertension or hypertension. Among those with hypertension, 44.0% were aware of their hypertensive status, 33.3% were treated with blood pressure-lowering medication and 24.4% had their blood pressure under control (systolic blood pressure < 140 mmHg and diastolic blood pressure < 90 mmHg associated with the use of blood pressure-lowering medications). More than four-fifths (85.4%) had dyslipidemia, with high total cholesterol and high LDL cholesterol being more common than low HDL cholesterol and high triglycerides. Only 2.4% of those with dyslipidemia were taking lipidlowering medications and 90.9% had more than three cardiometabolic risk factors (Appendix S1).
Reflecting the randomization of the study design, there were no statistically significant differences in the baseline characteristics of participants between the study arms (Tables 1 and 2 ). Log-transformed data were used in regression analysis.
Discussion
The K-DPP trial is the first diabetes prevention programme from a low-and middle-income country to use a simple and low-cost diabetes risk score as a screening tool to identify high-risk individuals. A large proportion of study participants had prediabetes and there were high rates of cardiometabolic risk factors. Even among those with normal glucose tolerance, more than three-quarters (84.6%) had FPG levels in the range of 5.1-5.5 mmol/l, levels that confer an independent risk for the development of Type 2 diabetes, as shown by previous studies [13] , and a similar proportion (87.5%) had more than three cardiometabolic risk factors. The prevalence of cardiometabolic risk factors in the K-DPP cohort was higher than in the general population of rural Kerala [9] . For example, the prevalence rates of generalized obesity and central obesity (defined using waist circumference) in the general population (aged 30-60 years) Based on Huber-White standard errors that were adjusted for clustering by polling booths in regression analysis.
b Smoked cigarettes, bidis (hand-rolled cigarettes), cigars or pipes in the last 30 days [22] . c Use of smokeless tobacco (snuff or chewing tobacco) in the last 30 days [22] .
d Current smoking or current smokeless tobacco use [22] .
e Consumption of spirits, beer, wine or toddy (locally made alcoholic drink) in the last 30 days [22] . f Overweight was defined as BMI ≥ 23 kg/m 2 but < 25 kg/m 2 and obesity as BMI ≥ 25 kg/m 2 [23] . g Missing data for two participants in the control arm.
h Waist circumference ≥ 90 cm for men and ≥ 80 cm for women [23] .
i Missing data for five participants in the control arm.
j Missing data for five participants in the control arm.
k Missing data for one participant in the intervention arm. l Systolic blood pressure between 120 and 139 mmHg and/or diastolic blood pressure between 80 and 89 mmHg and not taking blood pressure lowering medications [24] . m Systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or currently taking blood pressure lowering medications [24] . n Missing data for one participant in the intervention arm.
o Total cholesterol ≥ 5.2 mmol/l [25] . p LDL cholesterol ≥ 3.4 mmol/l [25] . q HDL cholesterol < 1.03 mmol/l for men and < 1.3 mmol/l for women [25] . Log-transformed data were used in regression analysis. Taking lipid-lowering medications and/or high total cholesterol and/or high LDL cholesterol and/or low HDL cholesterol and/or high triglycerides [25] .
ª 2016 Diabetes UK were 29 and 56.5%, respectively [9] ; the corresponding figures in the K-DPP cohort were 47 and 69.4%, respectively. When the K-DPP cohort was compared with participants in previous diabetes prevention trials conducted in Asian Indians, a lower proportion of those enrolled in the Indian Diabetes Prevention Programme-1 [14] had hypertension (≥ 130/85 mmHg; 34 vs 32%) and high total cholesterol (70 vs 42%). Similarly, compared with participants in the baseline survey of the Diabetes Community Lifestyle Improvement Program trial from urban Chennai in India [15] , a greater proportion of K-DPP participants were current smokers (27 vs 13% in men), had hypertension (22 vs 18%) and had high total cholesterol (70 vs 35%). The K-DPP cohort also differed from those enrolled in diabetes prevention trials conducted in white populations. For example, the K-DPP participants were younger and leaner than those enrolled in the US Diabetes Prevention Program (mean age 51 years and mean BMI 34 kg/m 2 ) [16] or in the Finnish Diabetes Prevention Study (mean age 55 years and mean BMI 31 kg/m 2 ) [17] . These differences are primarily attributable to the selection criteria used in the K-DPP trial.
Large-scale use of the OGTT as a prerequisite for entering a diabetes prevention programme is a major financial and practical barrier, particularly in low-and middle-income countries; therefore, one of the key aims of the K-DPP was to determine whether a diabetes prevention programme could recruit individuals at high risk of developing Type 2 diabetes using a diabetes risk score. The baseline characteristics of the K-DPP confirmed that the study population does indeed differ from those who have been enrolled in other diabetes prevention trials; a large proportion of participants had prediabetes and there were high rates of cardiometabolic risk factors. Sensitivity analyses will be able to investigate to what extent using higher IDRS thresholds would have produced a population with a higher incidence of diabetes and whether that would alter the findings.
The K-DPP trial has a number of strengths. Firstly, recruiting participants for community-based randomized controlled trials, particularly in a country like India, is complex and challenging; however, we were able to screen and recruit the targeted sample size from the community within the expected timeframe, with high response rates at each step of the screening and recruitment process. Secondly, almost 50% of participants in the K-DPP were women compared with 0-36% women in other diabetes prevention trials conducted in Asian Indians [18] [19] [20] [21] . Thus, successful completion of the K-DPP trial will provide valuable data on the effects of lifestyle intervention among high-risk women in Asian Indians. Thirdly, standardized questionnaires, tools and protocols were used for data collection. Fourthly, completeness of data for key baseline variables was very high (missing data for key variables ranged between 0.1 and 0.4%). Finally, despite collecting blood samples in a community setting, we were able to achieve very-high-quality glucose measures (intra-class correlation coefficient almost 1.0), using standardized protocols, laboratories with national and international accreditation and stringent quality control measures.
The study also has some limitations. Glucose tolerance status was based on a single OGTT. This might have led to some misclassification because of high intra-individual variability in glucose levels. Although, repeated testing is recommended for clinical diagnosis [12] , a single OGTT result is commonly accepted in epidemiological studies. Demographic measures of K-DPP participants, including age structure, education, occupation, marital status and household size were broadly similar to the general population of rural Kerala (aged 30-59 years) [4] ; however, the gender ratio was lower than the state's average and there was an under-representation of Muslims in the study. Although, Muslims are the second largest religious group in rural Kerala, they are the minority group in the study area [4] .
Using a diabetes risk score, the K-DPP trial recruited participants among whom a large proportion had prediabetes and there were high rates of cardiometabolic risk factors. The trial will evaluate the effectiveness of lifestyle intervention in a population selected on the basis of a diabetes risk score.
